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>. Torus antenna oparaciokr ah M-banad only with a gor- 
rectivea subsaflestor/feed system for aspherical aberration. 
iis postion of the study addressed the cost/eayplexity/ 
‘performance impact of aberration correction. 

c. “rus omtenma operation with different amtollites at 
S-band and R-pan’ (30 to 31 Gia up-link and 20.2 t@ 21.2 Giz 
éowm-iink) witheut corrective subxetiector/fead systans. Cost/ 
canuploxity/redused-apartaro-effticlensy tradesifis at the K-band 
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in agdition, the cost and technical iapact es Fee 
tawar coweenglity for inatallation ab varying Latitades and &if~ 
forential longitudes were evaluated. Geographical extrases 
having a significant impact were identified, and significant 
variations im electrical parameters whick result t*xon worldwide 
Beployment wero noted. 
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2. THE MULTIPLE-BEAM TORUS ANTENNA CONCEPT 


The multiple-beam torus antenna’? (MBTA) is a fixed 
reflector, multiple-beam antenna system developed at COMSAT 
Laboratories specifically for geosynchronous communications 
Satellite applications."~°® Fixed reflector antenna systems offer 
both attractive life cycle cost savings and exceptional perfor- 
mance characteristics when utilized with communications satel- 
lites assigned to orbital positions over a fixed portion of the 
geosynchronous are. Figure 2-1 is a photograph of a 32- x 55-ft 
(9.6- x 16.5-m) MBTA designed and implemented at COMSAT 
Laboratories in 1973 to verify the operational performance char- 
acteristics of an offset-fed MBTA concept. This refiector system 
provides a 20° field of view (FOV) over the orbital arc from 18° 
to 38° west longitude. The feeds and their associated electronics 
are housed in an environmentally controlled feed tower shown in 
the photograph. 

The MBTA reflector surface is generated by taking a 
Section of a parabolic curve and rotating it about a fixed gen- 
erating axis,’-® as shown in Figure 2-2. The reflector consists 
of a parabolic section in one plane and spherical sections in 


the orthogonal planes. The spherical surface allows full beam 


19) 


canning (or equivalently, the formation of multiple beams) over 
a portion of the geosynchronous arc. In the orthogonal plane, 
where only a limited amount of scan (a few beamwidths) is re- 
quired to correct for diurnal variations and north-south staticn- 
keeping of a satellite, a parabolic surface is utilized to 
Optimize the overall antenna system efficiency. Figure 2-3 

shows the general beam scan requirements for the earth station 
antenna when satellite positions are constrained to a fixed 


portion of the geosynchronous arc. 
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ae Ir 32- » 55-ft MBTA at COMSAT Laboratories 
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M REFLECTOR 


u = AXIS OF ROTATION (LIES IN x—z PLANE) 


REFLECTOR !S FORMED BY 
ROTATION OF CURVE M ABOUT u AXIS 


Figure 2-2. MBTA Geometry 
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Figure 2-3. Earth Station Antenna Beam 
Scan Requirements 
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se paxabolie plane crces section ef the ABTA geometry 
for an of fset-fed implementation is shown in Figure a-4 to ilius~ 
trate the major antenna design paraacters. !4n offsee geometry 


with an unblecked averture ia preferred since ic prowides law 


wide-angle sidelobes, particularly in the geesynchroncus OrELt 
plane, thus vinigiging interference problems with adtecent saree — 
lites. Exeelient anteana noise temperature characteristics are 
aleo realized by usimy she offset-fed MBUA. The antemna systeaa. 
éesien parameters voted im Figure 2-4 are ag follows: 


o° Generating ais angle betwoun the bean pointing direc~ 
tion ang the azie of cotetion. ‘this angle is related 
<2 the amount of parabolic plane scan required £or a 
scanned beam to follow the geosynchroneus arc versus 
antenna location and field of wlew. - 

® Basic aperture diaceter (D/A determines gain and 
peanweth ) . 
ad Parameter determining the pacebolic section ofrset 
xeguived fox a bleckage-free aperture. 
D5 Diemseer of the “parent” pazvabola. 
Rw) Rotation radius fer sphevical sections. 

D/R Parameter determining the “flatness” of the spherical 
wportica of the reflentor and relating the required 
field of view to the vatie of rectangular aperture 
dimensions (W/D}. 

© Pavabolic section focal length. 

F/R Paxaaeter chosen to place the parabolic foous at the 
best fit "apherical focus? i.e., ta winimize COMPOR Ite 
aperture plane phase deviation from uniform, 

Sout Offset feed pointung angie. 

26¢ Included angle to the edge of the reflector for 
epecigied feed amplitude tap2r. 
Fead pouitions relative to the sarabolic section focus. 
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Figure 2-5 is e scentes cross seetion of a symactrical 
MBER indicating che geen plane characteristics aescelated with 
tne spherical portien ef the antenna. Peeda ara scanned or 
positioned along @ radiel feed arc lecated appreximately at the 
paragial focuz (F/R = 0.5) ef the spherical reflector. fhe over 
ail width, @, of the veflector surface is related to the desired 
Field ef view (FOV = 24, ,) end the radius ef curvature, R 
{moxmaliged to R/Gi. Beam characteristics axe i@enatienl for all 
feed locations on the spherieal feed arc. Por a fixed field of 
view reyniveagont, @ deceeases as the cadiue of curvature 
decreases. However, spherical aberration vhase errors in the 


- apectore plane alse, increase with a decreasing radius of 


eurvature. Thus, thers is a fundamen’ al tradeott betwoen wechan~ 
koal dimensions asd electrical serformance parametexs. The 
magnitude of tha spnerical wherration phase errors is directly 
propertional te the Giameter/wavelength (D/4) retlo ef Uae 
aperture. Hence, the choice of optiwon wechamical desi¢n 
paramsters ie fregusney éasendent. 

tke torue antenna provides a conical beam sean surkace 
which if GeSigned ta approximate the sean leeus ef a beam following 
the geostationary are. The engla between the vertex Gk the cone 
(the retation axis) and the sondeal seam surface (the locus of 
beam pointing directions) is giver by @,, as shea im Figures 2-6 
aad 2-7. Optimem ¢, angles vary fram 90° foc an anterma Loca~ 
tion at the equater to an angle theoretically approaching 98.6° 
at the poles. (Antesma lovations im this study are reetrictked by 
3 winimen local elevation angle » 3°.) The scanned beam oointing 
Lecus exactly follows the geostationary are for the equatorial 
eid polar antenna locetionc. The polar axig is the rotation 
axia Yor these locations. For an arbitrary antemna location, the 
conical beam scan iccws provides « slese approximation of the 
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gecstationary are lecus. A SaaLL agount GF orthogonal imaxabvalic 
plane scar ie utilised ao haep the MOPA bea goiatiag ac the 
geoatationary ara over the field of view. 
fee basic structural consept of the MBIA incorporates 
cha seis modular, xugged, and sast-effective deaien. Sie 
HBT ayater includes the fullowlae seuponentss 
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& Rotlecter gurface pancls curved tO A preseribed 
shape ail a panel backup truss assexbiy to provide atigfaess 
aud etebliity. Both ara uslversal designs independant of earth 
atation and satellite lecation. 

bo Siterdependent Support moses te hold the earieecar 


and truss assemsly to the presecibed position. 

&» The fousdation base. 

G. A Segarate feed tower building including the universal 
feed travel wachenzsm, whick also provides an environmental and 


security erclosure for the communications electronics. 
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The Scuncipnee of the basic sixvetural “package” axe shova in : 
Figure @8, which is a photoyroph of the MOPA at COMSAT Labs. 

the reflector panels are relatively lightweight members . 
with gufficlent stiffness te achieve Mie raquired yas surface 4 
telerances undex egeratcing euvizromseatal conditions. They are F 
fabricated using conventional alvuainunm aaterials and technology ‘ 
to Minimize cost. Adjustment mochanisnus at the individual 7 
parel cokmercs provide surftace tilt corrections during assembly. | 


The a@dijustment meckanlerm is incorporated imte the panel~truss 


ta thee 
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fhe members for the reflector truss assembly and suppers 
structure were choson fox stifiness fram ATSC stock skewl weakers. 
this weneures that the material is readily availsble ang ailows the 


munimes stiginess-toewaight ratio to be seleeted. 
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Ai he backds structure consists Of a trues curved ts 
foilew che reflector surface, as shown in Plgura 2-9. Several 
disereta sointks axé chesen aS connection points betueen the 
backup and support structures. The v@lative flesiiilicy of the 
beckup Structure between commections determines the regeires 
number end lceation ef these points. 
ie Support struetsre eonstitukes the main load path 
of the antenna stxucture. It also provides a reflecter position 

insg adjustment. he length of back support members is dictated 
by the relative earth statlon/satellite lecation. ‘the 2-polnt 
Support offers relatively littie structural stiffmess for even 
mederate size antegnas. hus, a winimum of four support polate 
was uged. Por larger aperture reflectors (0 > 27 ft) prepere 
tionally more wupsorts would be requived.. The 4-point support 
used Sor the study wanaivsis comeists of a support tripod aa the 
gain stetis lead sarrving path. Yo and A-frane members cecom the 
other three pickap points previde the dynamic lesé patha fer the 
overturning and torsional waneants. The Weframe mombors also 
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i ‘grovide reflector pazabolic pizke bead felting adjuswsent. 

y hi Flgwre 2-10 is a photixraph of a similar support structure at 

i . GONSAT Lebs. A typical poured-conerete foundation pian for this 
ff ee support layout is shown in Figure 2-13. Figure 2-12 is a back 

i! e view of the reflecter showing the support members and Soundation 
i a Ads . . . 

i! ie A primary cost pareweter is Ute reflector aperture area, 
{ my which is a function ef the basic diameter, B, and the specified 

‘ i. field ef view. Specific gain requirements fix the optinum size 

4 and curvateare parameters an@ aise specify the structural rigidity 
f if vequired to meet the root-mean-square (man) sergaece telérance of 
3 the retiector and feed strastures and the relative beam sointiag 


seror ebiteria. ‘he ems surface tolerance cof the reflector is a 
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Figure 2-10, MBTA Structural Support 
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Figure 2-11. Poured-Concrete MBTA Foundation 
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Figure 2-12. Back View of Reflector Supports 
and Foundation 
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sum of the uncorrectable moan deviations fram the hest €it re~ 
£2GCtOF Burgace. Tre beam poilating error is the angular Gife 
ference between the original ideal refiesctor and the surface of 
the bost £2¢ veflector measured to the Geflected cooréinates. 
Figure 2°23 provides a shysical Gefinition of the rms and beaw 
poincing @rrors . 

Ge me Surface tolerance, ¢, hae a major impact on 
both antenne Support structure requixements and cost. Et 48 a 
combined function et the atructural deformations due to gravity, 
enviromental conditions, Manntacturing tolerances, and rigging 
adgushaants, Surface errers are Aivectily relateé to the total 


reflector surface area? hence, the use of parameters to minim ze 


the antenna size is desixable. whe largest Gause Gf pointing ein 
surface errors is éeflections due to wind fercas. These forces 
are proportional to the projected area Of the reflector on the 
plane perpemdiculaxy to the angle of attack of the wind and the 
waximue height of the antewma relative to grounf. 

Weaziy ail antenna sites protec at least 66 percent 
of theix area perpendicular £0 | posvible wind dixveetion. ‘the 
yeal measure of the wind effect can be related to the moment 
arew o£ the reflector. fre moment area {reflector kesght times 
aperture area) relates the reauired panel, backap, and Support 
structural stiffness to suxface tolerarees. Pigure 2-14, which 
Gemonstrates the relative change of this parameter with location, 
shows a possible 600-percant (2.4/0.4) variation in the required 
stiffness of various antenna nemhers. 

The oyvientation of the MBYA changes with the rolative 
earth station location, as shown in Figure 2-15. The most arf~ 
ficult ceflector support xequirements ave associated with antenna 
locations at low latitudes (<40°) and at maxigum relative longi~ 
tude differences. The reflector height above growed and its 


exposed area are then maxima. The most difficult feed tower 
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d 2-15. MBTA Orientation at Different 
Earth Locations 
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structure requirements occur for an antenna located at the sub- 
satellite point (latitude = 0; longitude difference, = 0) and 
along the equator. The feed tower height and width are then 


maxima. 
The principal mechanical objective has been to design 


a simple, reliable, lightweight, and semi-transportable MBTA 
structure which can be utilized at the majority of antenna 
locations in a widely deployed DSCS system. Common structural 
Support systems and feed housing are used for different antenna 
locations. The dimensions of structural members and panels are 
chosen to simplify the transport and erection cf the MBTA. 
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Tae primacy advantages of the fixed reflector, offset= 
fad SBEA for gacsynchroneous satellite applieations are as follows: 


rad A 
WES een es a5 
wi iS eet Ree AE 


eI neler exit 


a exceptional RF perfexrmance im eritical areas, 
particularly sidelebes and mul ci frequency 
“operation; : 

bo wampliedty and velisbility; and 

Go cost savings in multiple-beas and/or wultipie= 

—s-« €vequenay-baad appiieations. 


this section swmarizes the major study results amd recemeadstions — 
soncorming the applicability of the MSTA to the OSCS comarnications 
reguirenents and deseribes the performance advuntaces. 


3.1 Re PRRFORMARCE 


nis study focuses on the anelysis and evaluation of 
wedium-gaia MBE configurations providing 34-59 @B ef receive 
band gain at the goverment K-band frequencies (7.25~—-7.75 Giz 
veceive, 7.9-8.4 Gig tranemit). Bowever, overall antenna syste 
performance iS evalusted fox frequencies ranging frum 3.7 to 31 GHz 
te ascertain the multi-frcguency-band capabilities of the Mam, 
in the following bands s 
a. C-band (commercial Crequencles of 3.7-4.2 GHe 
receive, 5.925-9.425 GWa trangait), 
bo LI/l4 Gk<e (commercial frequencies of 10.95-31.2 and 
12.85-11.7 Giz receive, 14.0-14.5 he tranawit, 
amd L1.7-32.2 GEe), gu. 
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(@. Eebang (20.2-21.2 Gy resolve, 38-31 Cit 
trangaie) 


as Gffset gtometey provides an unbleeked antenna aper- 
curve plane (feed, subrefiecter, or spars) aad siimizates forward 
feed spilieves (Gassegrain geometries), thus providing the basis 
for realizing iow widereangle aidelobe pattern chernacteristies. 
She eideloba charactazdsties of earth station extennas have 
secome a critical pargormance £actes es the mmbar of eoxcamnicac 
$iens Satellites and terrestrial systeas iuereases and dnter= 
ference restrictions become wore stringent. Therefore, the 


__ Amplerentation of offset BOTA gecmetries rather than syesetrical 


gece tir Less is recommended even though the aperture efficloney -is 
Senuhat vedueed. Figure 3-1 shows the number of gecsynchroncus 
gatellites launched or to be launched after Jamuazy 4, L976. 

She basic relationships between antenna gain and hear 
width ac a fonction of the circular aperture diareter/wavelendth 
vatio (B/A) Of a vefoerence parabolic vetlecter are given in 
Figure 3-2. Aperturc Lllumination efficiencies of a = 65 parcent 
yeprasent a reasonable but stringent design goal, particularly 
for antenna systems which ragulre good sidelobe characteristics. 
Feed system and rus surface tcierance losgoas must be added to the 
aperture illumination efficiencies to ebtala the overall antenan 
SYeterm gain for each 0/1 value. 

Yao Liluwmination gain of the offset META fod with « 
single feed at the parabolic focus is scresented in Picure 3-3 ag 
& tunmetion of Dh. Spherical gheryation phase @e2Yrors assaclated 
with the SGA geometry imcreage directly with O/h, Maximus gain 
is xealised by reducing the illweinatea aperture area relative 
te the mwaysical apertura efter a exitie: 2 D/A value is reached 
en each BYR curve. this value ef b/s ocesurs whea the Lilweira- 
tion gain is coduced by 3.5 to 4.9 48 veletive te a 100~nerecant 
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efficient physical aperture gain. For the D/R = 0.3 geometry, 
the illumination efficiency remains above 65 percent for D/A 
values up to 600 (G = 63 dB) and above -50 percent fer D/A values 
up to 800 (G = 65 dB). ah as 

Figure 3-4 shows diameter vs D/\ for minimum down-link 
frequencies and maximum up-link frequencies over the frequency 
bands of interest in this study program. 

The gain loss of the antenna system associated with 
rms surface tolerance(e) losses is shown in Figure 3-5. The rms 
Surface tolerance has a major impact on the multi-frequency-band 
operation of the MBTA and the antenna support structure require- 
ments, panel fabrication, and cost. Because surface tolerance 
losses and spherical aberration effects are both frequency 
dependent, the "optimum" antenna design is also frequency 
dependent. 
In addition to the surface tolerance, the required 
field of view of the MBTAhas a major impact on the mechanical and 
structural requirements. Figure .3-6 shows the field of view 
versus the ratio of aperture dimensions (W/D) for particular 
D/R values. For a fixed field of view requirement, W/D increases 
as the radius of curvature is increased (D/R decreases) to reduce 
spherical aberration effects. 

The minimum spacing between adjacent beams along the 
geostationary arc, which is constrained by the physical diameter 


of the feed horn aperture, dp, is 


(360°/m) (D/R) (a, /A) 
min (D/X) 
which is approximately 2-4 antenna half-power beamwidths depend- 


ing upo:r the type of feed horn used. Thus, for the two X-band 


antenna systems considered, 
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Figure 3-4. 
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G= 54 a for 68 ia = ( 3-28} 


6 = §9 & €or tO ain 2 8 (3-2) 


TAG EHtenma MOlse tesperatuce prekile foe tna KSYA at K-band ae 
a function ef elevation engle is shown in Pigure 3-7. ‘he 
abgence of apextuxe plane biockage and scattaring and the use 
of aa oversized refleccing sueface for multiple seem formation 
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vegult im exceptional antenna noise temeaktature profiles for 
the offset BST... . 
#igures 3-2 to 3-7 goum the basia for defining the RP 
_parformance characteristics of the MB@A system. Tae system de~ 
signer mst epecity a required get of gains lox G/® ad fee~ 
quency bands, and @ reqeixved Cleld of view. ‘These specifications 
in turn paxalt e tradeoff awang 0 (or D/A), B/R, B/D, and e 
perameters, Which im tamrm can be normnlized to « cost/perfoxmense 
relationship. 
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the gain gértormance of the offact MBPA over the range 
of 3.7 to 31 Ghe is indicated in Figure 3-%, which shows 
the aperture illumination gain of * 27-ft-diaweter antenna. 


2 Bet Opec i 


With a specified E-band gain requirement of 54 4B and a 30° 
field of view, the D/k = @.4 configuration provides an "option 
eompact ceommury (W/D = 2.20). Kowever, in the 20/30-GHz fre- 
queacy bands the illumination gain-of the B/R = 3.4 configuration 
is ~2.8 &8 lower than that of the G/R = 0.3 gecmetry. It $2-dB 
antenna system gain is requived at 20 Ghz, then the B/R «= 0.3 
gouomwtry with its associated larger aperture area iW/D © 2.65) 
LS NECeBSaKY o 

tne patteras of the S7?-fte-diameter MATA with D/R 
= 0.4 ave Show: in Figures 3-9 and 3-16 fer the government X-band 
frequencies. These patterns are calevlated at the mid-band 
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Figure 3-7. MBTA Antenna Noise Temperature at X-Band 


* 


2HD TE-L°€ WOAZ uTeD UOTRLUTENTTI (7°00 = u/d) WLEW euTTese@d ‘g-€ eANSty 


(zH5) Oaas 
52 $2 27% C2 Bt 8 wer ZW 


COMSAT Labs 


(1@P) NIVS 


‘mm oULshy: 


- 


Antenna Study 


g-12 


», 
rs 


Aultinle Beam Torus 


Antenna Stya 


0 by <2-2 


eS ’Ch= S 
VoO«0/p 
CBr Os wyy4 
VOrwg 
“#HO S21 2 4 
4230 


ee ee 


— (006 = 9) z2H5 S°Z4 38 uz 


5338q vigw TOV OULTG~Az-72 SUT TOS baigcy I42nHt gs 


(934)6 
* puree | 6S- 


oF 


© CANTY) 
" (XINT 8%) | 


gee 


~~ 


CAP) 43IMOd 3ALLW13y 


% (00 = ¢) ZHD $°Z 3e Urez9ed VLEW TePZOWeTG-35-/Z BUTTOSegG -*HT-¢ vanbty 


AQ 

" 

rd 

2 (934) 6 

oe & x 4 < A m3 me) i Ao =~ ne 


(QP) S3MOd 3ALV134 


o2° Sh = °d 
to =a/Pp 
£By'O se U/s 
+'902%5/0 
“BHQ S*L= 3 
, z= 


Multiple 3eam Torus 


Antenna Study 


ik 
PY mes FST OF aes 


=. 


- SAAS EMERGES 


We ey 


pepe el Ree 


cH 


ce 


a 


Tyee 
ed 


bose 


3 


fo 


REE 
apd 


eg 


Agere 
wt 
cs 


aS) 


h wal 7 re hiataie SL SS ane ed Sorte . 
os m < : gotta : o. at CaaS agar’ 
be Regis ta Ces . = ¢ ee ol 
af Pees Ui oe anes es oer = 
es far a as awe 
Hees sie aOR ey a er ‘ one 
C 
» 
a 
6 
he 


a3 


ey 


ae) 


& 


Caz) 


wn 
Bi) 


or 


*} 
a 


COMBA? Laks Suleipsie Seam Torus 


Antenna Study 


ececive fraqueney of 7.9 Gia. Por referemea the 32 - 28 lag,ss & 
warfterdanes requirement for conventional antenmas is given as « 
sasied lime. The firet pattern (4 = 90°), which is in the sean 
flame (along the geostationary are), dewonstrates the excailent 
Sitehoba characterigties of the offset MATA. Tee second pattern 
is in the plane containing the parabolic gestion of the MBPA. | 
@e offset asyemetry ecoubinsd with spherical aberration gives 
vise to a uiner sidelche asymmetry and beam squint. The half- 
gover beamwidths im the spheries) and paraboile planez axe 9.36° 
ami 6.34°, respestively. : 

AS sewn im Pigure 3-li, 59-48 receive band gain is 


 gealizad wlth a @8-* aiameter wffect MBP (B/R = 0.33 et the 


goveramant X-band Eraquencles. Fhe apertuze illumination ef- 
fieioney, » © 7O percent. ‘ihe D/R = 0.4 geometey with D = 48 ft. 
xeallges en aperture efficiency of n = 47 percent at K-band. 
A 89-88 gaiz requirement at Mband coubined with a multitreguancy 
performance capsbility trom 3.731 Giz would clearly favor the 
D/R = 0.3 geome try - Tae full aperture diameter, Bb, is wtiliged 
ever the entire frequency range. With the D/R = 0.4 geometry, 
the illuminated aperture area of the antemmie system must be ra- 
cused relacive to the pnysieai aperture to realize optimum gain 
in the U2/d4- and 20/30-Gie bands. A smallee field of view For 
the S$-dB-gain antemma syst can be utilized to constrain ites 
® dimension. 
The META geometry vrovides a conical beam scan locus 
Which wlosely approximates the curvature ef the gqoostatiaomary are 
wnes the parabolic generating curve emi feed position are revelved 
about the cetation axis, u. For gecayachronous applications, the 
optimal generating axis angle, €:-, varies fram 98° for MBTAs io- 
sated at the equator to 98.6° fer these close to the selars regions. 
A Singie reflector desicn defined as 


Sg = 88,5 (3-3) 
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g ity 

ee ve gia : 

ies a ana tesubes im less then 0.2° af warst-ease beams pointing errer 

ae [with spherieal glare scam over a 40° field of view, as shown in 
531 7 = . “a 
y Pigure 3°12 fer a specified set of MBTA rceations. Tis bean 


Scan etror cepresents leas then 1-2 beauwridths of reguiceeé para- 
belie olane sean for exact beam xepesitianing in MBTAS having 
8g~— ¢@ 59°88 gain; therefere, 2¢ Ras negligible impact on RF 
performance. Gwe ldentinai rezZlester aurface is wclhived at alt 
te “BTA lecations fer a given gain ceguiremeat te winiwize ren 
lester Cabrieation ceases. The veflecter support stesetund 
Leoguths vary to accmuodate different MSTA latitudes and Longi~ 
tudes. The eam scam error shewn in Figura 3-12 68a bs haived 
by adjuectag (biasing) the antenna mount. at each latitude te 
avowlde two exact scanned bows positions over the field of wiew, 
fhe MBTA Elal& of view is related to the ratio of apartass plane 
Gimeasions (8/D) as fellows: 


cae Bett 
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in FOV > (2g0°) (ofa) (i/o - 1) P3eS) 


Cree) 


Mzgaguresent results at COMSAT Laboratories have demon- 
strated thet the radiation Isolation betwaen edjacent beaws is 
precisely that sredieted by the sidelube envelopes. Biareet 
interaction betwoon cerrugatad fecd horn elomemte is exception~ 
aliy low duc to the hichly tapered aperture field distrihbutioss 
and the absences of Goupling currents on thea Exterior wails of 
thease horad. The radial feed arc which tands to point tha teads 
avay from each other alse helps to minimise direct beam~to~baan 
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Figure 3-17. Projected Feed ARC Length, ¢/p 
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Huctiple Bean Torus QOMSER abs 
antenna Study 


cueracteristics are aearly identical fer the 6/6-, T/8-, and 
LE/i4~G8e2 bands. : 

Tae eoet impact cf additional frequency bends is 
related to the eost of a new feei hern/OMT system and the agsseci~ 
ated e1eactronies aywipmant. An identical feed transpert assembly 
muy he used fer all frecuency bands. Yae omy variation in the 

MB3A svetem ie the feed horn and associated eclevtronic 
rea to coubine cemmercial operation (via a separate 
a2) with aavernment B-band operation. Since corrugated 
G8 Climinate fead coupling effects, adjacent beam coupling 
deverasned Golely from the secondary patterns of the Mat” 


aiffarent frequency bands. 


SASK 3: MSTA MECHANICAL ROL oe eee ove GRBAC TURE 
REGUS ULRED FOR RAW , WORTHY DE DEO LOE SEEN ' SySiree 


The Study results applied te tagk 3 gh 


stor desige (42 = 93.5°) is suftiicient for a widely deployed 
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Gesign results iss ge thur O.3° of worst-case 
with gpherical , 
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ne S9=-as s gate anc results im a negligible impact 
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Multicie Bean. Zorug 
Aatennes Study 


nea de tag medular Gasign cf the MTR veflector and Seructere 
permits the’ Syste £6 be: ae transported and exected. Ail 
Soser: LORS ace deglened to a gige that is readily troneported by 
 aixezait, 8%  Rfucic. 
the BEBE variation ef the baseline WTA az a function 
of antes location is esticatea to be less than it percent. A 
aignificanc. feature @€ the design is that it pearl os the MBTA to 
imal trsaen oly garyve several satellites over a fixed portion of 
ast 2) geoutationary | are at Ggizterent frequency bands. CGniy the 
ee ea a se ged ces vary with fxrexqurey 
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Cout estinates prepared for the baseline 27-ft-diameter 

{B/R = G.4), waich provides 54-85 dewo~Llink gain at 7.25 Guz 

witha a 30° fLeld of whew, vielé an antenna aystem cost of $220,360 
wits a ¢3-pereent variation as a fuaction of €ifferential siting 
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- The base. vwost ia for a acme hbews, Addition of second (and 
suusequent) beans requires only 4 second fead system and feod 
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CEENSUOTE BSLGMBiye. A es advantage of the MBTA concept 


that additione: beams at one or store frequency bands can be 
“A 
Because of the proximity of the 
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The baseline antenna prevites mere than 48-dB gain at 
3.7? Gig. The cost of a dual beam system with one X-band and one 
C-hand beam is identical te chat noted above. 

fae baseline antenna with a 0.820-ineh operating surface 
telerance may be used fox a dvsi beam system which nrevides a 
Dear at X-band an a beam at B-bsnd. he incremental cost is 
$86,003 for a reflector structuxe vith 6.029- rather than 0.040- 
inch operating mms surface tolerance. The baseline MATA srovides 
59.5-8 gain et 2@ GKe and 60.9-AB gein at 30 Giz. A D/R = 0.3 
geometry of averture dismsions 27 x 71.5 £t provides 62-d8 gain 
at 29 Ga2 and 63.5°48 gain at 30 Gaz, and the aperture area in 
crease is L2 pareent. A conservative incremental cost estimate 
fox this MBPA geometry in $446,000. 

fhe 6§-ft-dianeter dual~beam MBTA (D/R = 0.3) provides 
59~-d3 down-link gain at 7.25 GHz. The cost estinete for this 
MBTAR is $1,004,900 with a 0.026-inch operating nurface tolerance 
and $824,000 with a 0.3040-inch operating surface tolerance. The 
cost Lnacrement: for adéitional beams is oniy the cost of the fac 
system and Lis associated electronics. 


CONCLUSIONS 


“4 
2 
Fe 


The MBTA provides low said 


ebes and a mulbtibeeumoaalti-~ 
ad, 


<2 
iysquensy capability in a sigple, rugge and reliable mechanical 


kis modular destgn facilitates transportation and 
the offaetc-fed MBYTA crovides law wide-angle side 
SS a eeenlt of a2 Dlockage-frea aperture. 
more frequency ban 
SREUGTUTE watt 
which satellites 
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OMBAT Reba Multiple Beas Torus 
antenna Stuay 


feed transport asscmply. Redundant eleetrenic equiment can be 
shared betwecn multisie beams to further increase sverail system 
QLORBRY o 

Per @ given antenna gain, a Single veflecter etrneture 
is applicable to 221 OSCS entenna lecations. She terus fend 
Bbullding imesrporvates aii of the earth statics clements excewt 
the reflector. Thua, fonda, receivers, transmitters, snd other 
ccmaunications equipment and power supzlies are all contained in 
a locked atructure. No external devices are visibie. the feed 
window may be epticaliv vpague {but RP transparent) to conceal the 
antemaa pointing and fraquency band and hence the sateliite(s) 
being utiidszed. ‘the antenne a#ystem is auch legs seasitive to 
Stray oF intertional deatruetion (i.e., Huntere’ bullete) than 
Somvencional antenna systems with auposed waveguide rans or feed 
horas. Also, power and camimmications comections nay be 
wnde Laround . 

Fhe multiple-seam feed assembly permits immediate 
txansier of communications traffic if a fault oceurs. Critical 
tgarfic cen easily be handied in two redundant paths to two 
satellites without increasing reftlecter system cost. Thus, no- 
break cormunication is possible with one refleetor. 

Relative to conventional fully steerable Cassegrain 


vellestors, the MGOTA offers the fnliawing parfexwance advantages; 


ao lower sidelobes: 
B®. Lower antenna noise temperature; 
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G. & more Figid Fiszed vefiector and «a lightweight 


and fense Greater tracking accars 
&. dess maintenance aS 8 reesli of eliminating 


rm MOE S 


Sy 


Lavge ge@are, beariags, 


COREA? Lane 


‘Nuatipie Ream Torus 
Antenna Skucy 


leas powex conuumpe Lon gince fractivnal kerge~_ 
power soters hove the feed/iiA assembiy; | 

thea use Sf one Far 5 cadundarnt eleetronics 
enna ERBNG SS GS Bore saparata yoans te 
perait inevans sed pau: ox reéuced coste 
ee & @iven ievei of rsiiability 

Sinplifisaties of frequency bang pee and 
Gimgle optics gincs subreflester a&étuctuents are 
mot Feguired. 
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ae oue najer Glaadvantage of the fied reflector MATA is the 
= pointing Tlexieirity Ho: antenna ays ten is designe’ te 
satellites: anlw over ‘ined portion of the HOouynChESASKs | 
Htowaver, im communications satellite systems with well de- 
erbital positions and ranves cf satelliter, the cast savings 


aed puxformance advantages of the BBTA syutem can be comsidexvabie. 


rar, | Reka ree ie tie 


1 hn ERS 


. 
Posi ose 
each enn ad 


